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^-^ ' ^ ■ itc. r«flthftri and a communication terminal 

,00011 K« P^-" » ' ""'"f tT^lSJ »" 

p ccrRiPTION 0 '= TUP RFI ATED ART 

uDon being conducted the spectrum spread is „ adequate security. 

EcDMA system has ar, excellent interference f '^''^f ^^^'^h ^""'^^ T ° 

TOMSl in recent years, with the dissemination of nfoirna . on 1^^^^^^^^ transmission rate in order that a large 
'T! Lin have been widely handled. Accordingly, it is '^''"'^^ *° '""f,^f^ Jlan However, in the spread spectrum 
r^me S such" as v«eo ° ^Jj^^^^^^^^ the bandwidth rnore than 

:idu.ation, if the data transmitjd^at a hj^^ vel«^^^^^ ^^^^J^ present frequency allocation, 

rdE™urcoi— 

^6] Moreover, in the spread -P^'^'"''";!™''^^";'^^^^^^ necessary when dem<Ju W 

Led and the phase of code to ^« ^-^^^^^^^^ ^^t^nchronlzation is inserted into each pac et - -J- ^o g 

SsSn multiplexing)scheme, --^"^"^^^^^f f ^^.^^^r^e will be transmitted at the head of one frarnMhe 
access) scheme making one frame as a unit, and ^^-^^^"^"f ,f,e transmit/ receive timing of each commu- 

r:nsr^'« timing will be set re^t.e to this '^J, f^^i communication control te^inande.- 

, nication tem>inal device will be specified by the cont oi mo ^^^^^^ ^ subcamers orthogonalj^ 

Since in this OFDM scheme, data will be transmitted P^^"^'/^^;^^ ^ d3^,|a,ed without error. A so, at 
a Zed, transmission rate can be inc^as^^^^^^^ 

the time when receiving, since •'ans^f t,'' iv Z nliesi^ symbol in the frame using this time informatm 

data can be reproduced by demodulating only the "^^^^^ /^g netting the timing, it is necessary to detect 

. Pi AccorWi;--^^^^^^^^^^^^^ 

r dXtS? S isfn -teheed L can ^;^^<^^^'^^^ described referring to Fig. 1 As 

S At 'Ws point, the correlation detection f ''="'^!;!2^^^^^^^ tem,inal IN in the correlation detectK.n 
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» d««» ««|« S3 »»M «t 0"«>"t "^J^^^^MM In the 0«»r signal 
detection output S3 exceeding the thresnoio n y 

„,,f,p.nvr^cTHP INVENTION H.«„«,hod 

with a simple construction. ««,nBnce to be detected from an input signal using cor- 

The correlation detection device or ^« ^^^^^^^ signal to the prescribed constant value ac 

Sn, comprises limtter means for regulating ^^^.^^^^^'""'^^^"iro, correlation value signal upon detecting 

cording to plus/minus of the input signal, matched ner means to omp^ g ^^^^^^^ ^ ^^^^^^^ , 

s Z 2J^o. between an output L^^lu^^^^^^^^^^^ »° '''''''' °^ 

81 Further in the method tor correlation detection for ''^^^^^^^f constant value according to 

E usfng Sielation. the amplitude of the input '^J,^^^^^^^ the amplitude is fixed to the 

. puin'sd the input Signal, the correl^^^^^^^^ 

prescribed value and the code.sequence to J«» J^J" f ™ ,^,3 .^.relation value wrth the prescribed threshoW^ 
I be detected or not is judged by '=<^P^""9j':^J2r^iX^^^^ transmission symbol sequence by Periomi.ng a 
0019] Further, the communication tem^inal device or g^^^^^^^ 

D^sc ibed modulation processing based on data to be mnsm^^^^^ transmission symbol sequence, compnses re- 
« g neld by perfom,ing a prescribed demodulating means for pertorm.n9 a pre- 

IZina means tor receiving the transmission signal as a 'ec^jve a Mu6m limiter means for regu- 

s led demcJlulation processing on the recede plusAninus of the input signal to which 

at g ?he a^P'»"'^« °' '"P"* '° " r m^red^^^^^^^^^^ tor outputting a correlatbn value signal 
TmodulatiSn processing by the -'^"J^^^ ^^^^^^^ the limrter means and code seq-n- to be 

.n o^n rtfitectina the correlation between an output signal supp sequence to be detected or not by 

TectenrdllVrison means forjudging Whether t^^^^^^^^^ 

rSJ;g.hesignallevelo.the^^^^^^^^^^^ 
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performing data transmission and receiving 1"^ ^^^^^^ by the synchtonteationxode delecting means. 

L code sequence for ^yn^^^^^^^^J^^^trii te^^^^^^^^^^^^ ^'^^ ^'''^ ^"^^ 

Data is modulated by the OFDM method and the cteta « '^^^^l^^ communication tem,inals and the radio com- 

,he specified number of symbols, between each of '"T^ 

lnicat.oncontroltem,inal,theradiocommun«jBto^^^ 

to the plurality of radio communication teammate n^^ea<J. '"^^^^^^^^^^^ J^^^^g ^ the receiving timing of the 
5 being used as the reference. i„„p„,i„n win become more apparent from the following detailed de- 

numerals or characters. 
5 QDiciP nPfiCRIp- ^'^'^' DRAWINGS 
[0022] In the accompanying drawings: 

detection circuit affected by the AGC c'reu't. , according to the present invention; 

" nrolsl^Skdiagramshowingtheconstruction 
Pis.11Ato11Earecharacterist.cur^^^^^^^^^^^^^ 

Fif 1 4's a brief linear digram showing the construction of one frame; 
r- ll ! I =on..*.nce Chart showing the communication sequence, 

. bloc, diagram showing the construction of the correlation detects circuit according to the other em- 

^79 :s a brief linear diagram i.lust.ting the transmiss^n method of M.equence code according to the other 
rg'fo'Sn'Lar digram illustrating the method to altocate the reference phase to subcarriers. 
ncTAi. Pn n^SCRi nr" ^""^ PMBODIMENT 

100.3, P..erredembodimentsdthepresent.vention^.lbedescribedw«hreferencetotheaccompanying^^^^^ 

ings: 

50 

(1) The First Embodiment 

(M) General Construction of Wireless LAN System 
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^00.41 in ng. . 10 gene.,ly shows a™;^^^^^^^ 
s roui^comprisedof mutt^lecommun^tK^term^alde^^^^^ 

1 2. The communication ^-^^^^^^^^^^^^^ control device 1 2 is comprised of a 

with wireless communication units i^m anu i -tu k 
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v.=,io„ .,nit 16 connected with a data terminal device 15. In this wireless LAN system 10, data corn- 
wireless communication unit 16 connecieo . ^ Agnd 11B, and data communication between 
.unication is conducted between ;j--;m« '^^^^^.^^ ^e — ication control ierminal device 

rntrcTnSS/r— s^^^^^^^ 

^ Thev^relesscommunicati.^^^^^^^ , 

^Th:;Sts?ir2re"pe;^^^ 

t0026] Ontheotherhand,thew.^ess« 

communication terminal devices 11A and 11B will ''f accordina to the OFDM system in this wireless 

Kstrm^?^:rrere^ ^^^^^^^ r . 0.0. ..ivale. to . .ms, as 1 

frame, time dMsion muftiplexed data will be "^"f ^^^^^^'^J''^ [^^^^^^^^ ,o the head of 1 frame from the 

10028] The M-quence «Kle^^^^^^^^^^ ^,3,„3nce code ,or synchro- 

wireless communication unit 16 of the <=°'"'""" ^-ug and UBof the communication terminal 

nization acquisition will be ^^^^^y^^-j^^^^^ set re^th^e to this receh,ed timing, 

devices 11 A and 11 B respectively, the timing ^^//f terminal device 11 A, 11 B, a transmission 

[0029] When the data communication request em in the ~;7;^°^»^;*4'^;^;;^^^ .erminal device 11 A, 11 B 
equest will be transmitted from wireless tn^ nSfd^vTcTl 2 I n this wireless communication 

to the wireless communication unit 1 6 of the ^l^^"^* communication terminal 

unit 16 Of the communicatton -"^-"^^^^^^^^^ information, and the control 

device 11A ''^^'''^^^Z^^J^^a\ZZx^^^ 
infomiation containing th« transmiss^n a^^^ 

mitted to the head of one frame. 

(1-2) Wireless Communication Unit of Communication Control Terminal Device 

rSr^n'^riSr t— ^^^^^ be conducted w«h the data terminal dev.e 15 via this «,mmun.at,on 
S"a — on data S10 frc^ the — 

encoded quadrature phase shift keying) modulation circuit 31 . The .°°PS„';^'"°°;f '^^^^^^ ^^^erter 32. 
this transmission data S10 and outputs the '—J;-™ ^ :Ssup t^l^^ data sequence 

[0032] Theserjl-^r^^^^^^^^^ 
; to the transmission signal SI 2 oT a paraiiei aaid som .u^ inverse Fourier Iranslorm to the transmission 

(,FFT) 33. The inverse fast '5;^"^^^^^^^^ resulting transmission 

Signal S 1 2, maps the transmission signal SI 2 to circuit 34 coverts the transmission 

serial conversion circuit 34 are circuits to convert '"^^ ^^"^^^'^ '^^^^^ , ,o ^ach sub^arrier using multiple 

. J^rn^STa™. on ,h, '^:^XfS^'^X^T^ In F,. e. In* OFDM 

inteival fo and the transmission signal Sll will be transmitted. 
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r0O351 In this OFDM scheme, the transmissbn signal S1 1 is converted to parallel signal, and applying jnveree 
Fourier transform processing to this parallel converted transmission signal S12. the transmission signal S 2 w I be 
aHocated to each subcarrier. On the other hand, when decoding, signal components of subcarner per fo interval will 
be captured and data allocated to the subcarrier will be taken out by conducing the Fourier tranef omi processing. 

t shown in Fig. 7. In this example. 51 samples to be transmitted from the DQPSK modulation circuit 31 will 
be converted to the parallel data by the seral-parallel conversion circuit 32 and mapped onto the frequency region. 
The output of this serial-parallel conversion circuit 32 is applied the inverse Fourier transfomi processing by the inverse 
fast Fourier transfomi circuft 33 and effective symbol of 64 samples will be put out from the inverse fast Founer transfomi 
circuit 33 Guard interval of 8 samples will be added to this effective symbol of 64 samples. ^ „ 
St] A^cordinghr. in this example, as shown in Fig. 8. one symbol is made up of 72 samples, the effec,^e symbol 
of 64-sample and the guard interval of B-sample. The symbol intenral ^^^^\s such as = 1 -^^ajisD^samp to 

f reouencv T , is such as 11^,.. = 27. 1 27 [ns]). and the sample frequency fe^mpie 's such as (fa,„pie = 36.864 [MHz]) 
STIn tlTs OFDM systemtl^nce the data is divided into multiple carriers and transmitted, the time per one symbol 
beoornes longer And since the guard interval is provided in time base, this system has an advantage not susceptible 
fo Tctl of iiuer and multipath. The guard interval ^ selected to approximate^ 1 0 - 20 percent of the effect^e symbol 

Si More specifically, in the OFDM scheme, rt is necessary to cut out the effective symbol length from a sequence 
of receiving signal and conduct the Fourier transfomi processing when demodulation -is conducted. Even if errors exist 
when cutting out effective symbols due to the jitter, frequency components do not change and only the phase difference 
occurs due lothe existence of guard interval. Accordingly, demodubtion is possible by conducting the phase correction 
inserting the known pattern into signal or by counteracting the phase difference using di«erentBl ooding^ In the case 
ofnoralQPSKmodulatk,n.itisnLssan^ 

few bits difference causes degradation of only few dB in sensitivity, and demodulation is possilDle. 
S At tiis point, returning to Fig. 5 explanattons will be continued. The transmission signal S14 to be t^nsmitted 
rom the parallel-serial conversion circuit 34 will be supplied to an input terminal 35A of the shiftkig switch 35. The M- 
seSirnceSodeSISfomied at theM-sequence code generation circuit 36 willbesupplied to theoth^ 

Si ''inThr^casT^nrSsmitting the M-sequence code S15 as synchronizing signal, the switch ^ selects and 
outputs the M-sequence code SI 5. and in all other cases, it selects and outputs the transrriission signal SI 4. An outpu^ 
Signal S16 f rom the s««tch 35 will be supplied to the frequency conversion circurt 36. A local oscillation signal S17, 
supplied to the frequency conversion circuit 36 from a PLL synthesizer 37. The frequency conversion circuit 36 forrns 
; tSsmission signal SIS frequency converted to the fixed frequency by multiplying this local oscil^tion signal SI 7 by 
?he outprs °gnal SI 6 and outputs this to a power amplifier 38. As the frequency to be used for this transmission signal 
Ci^R such as 2 4 IGHzl 5 7 [GHz] or 19 [GHz] band of quasi-microwave band can be considered. 
r0M21 The power arnplifier 38 amplifies the transmission signal S18 to the prescribed power and supplies the re- 
sTng transmission signal S19 to an input terminal 27A of the switch forming the antenna switching unit 27. The 
anZa swteher 27 is a switch to shift the connection to the antenna 26 when transmitting signal and when receiv ng 
Signal at the time when transmitting data. It is sh«ted to the input terminal 27A side. '^'l^-^'^'^^^X^'^ " 
StJd to the terminal 27B. Thus, the transmission signal SI 9 is supplied to the antenna 26 via this switcher 27 and 



" ';;Xo:ZS^Z'^L^e slgna, S20 receded by the antenna 26 v^en receiving the c^m is supplied to a 
receiving amplffier 39 (generally called as LNA (low noise amplifier)) via the switcher 27 and after being amplified, it 

iq suDDlied to a frequency conversion circuit 40. -i 
Si in this frequency conversion circuft 40, the local oscillation signal S21 from the PLL synthesizer 37 is supplied 
a^he frequency conversion circurt 40 forms a receive signal 322 with medium frequency by mult.p ly^g th« local 
oscillatton signal S21 by the receive signal S20, and outputs this to the serial-parallel conversion circuit 41 . 
?S TJe serial-parallel conversion circuit 41 parallel converts the receive signal S22 and outputs the result ng 
Se M sSxo the fast Fourier transform circurt 42 (FFT). The fast Fourier transform circuit 42 conducts he 
Fourier I ranstoS processing to the receive signal S23 and outputs the resulting receive signa S24 to the parallel- 
serccSL Circuit 43. The parallel-ser«l conversion circuit 43 converts the receive signal S24 to the receive 
sianal S25 of serial data stream and outputs this to the DQPSK demodulation circuit 44. „ , . , 

Si Sere tie serial-parallel conversion circuit 41 . the fast Fourier transfom, circuit 42 and the Parallel-sena c^^ 
S cJcurt 43 conduct the decoding of the OFDM scheme to the receive signal S22. More specrtically. in the sena - 
paS convlSc^i Circuit 41. effective data are cut out and receiving signal wavefom, will be captured .n every fo 
Serials and converted to parallel data. Output of this serial-parallel conversion circuMI will be s^PP^ed ^o the fas 
Fourie transform circuit 42 and the Fourier transform processing will be executed. Thus, by conducting the Founer 
tra "orrprleTs n^^^^^ the waveforms sampled in every to intervals; the OFDM scheme decoding ^11 be conducted^ 
SmT] The DQPSK demodulation circuit 44, app^ing the DQPSK demodulatkxi processing to the recede signal 
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S25. restores receive data S26 and outputs this to the communication controller 30. The communication controller 30 

ni itniit«5 this receive data S26 to the data terminal device 15. . ^ . 

TMe^i communication unit 16, the whole operation will be controlled by the «^troller 45. The data 
SSi Jion^^d data reception will be conducted based on the command from the controller 45. and the commun.- 
X c^» 30 conduct data delivery of transmissbn data S10 or receh/e data S26 between the data tem,>nal 

'in this wireless LAN system, data will be transmitted by the TDMA scheme making one fr^e as a untt and 
Ksequence code for ob Jning synchronization will be sent to one symbol of the head of one frarne^ In o der to 
realize such control in the wireless communication unit 16 of the commun^afon control tem,.na device 12 the M- 

: sequence coSe generation circuit 36 and a memory comprising a resource information storage unrt 25 and a t.mer 46 
aS provideTln^his case, the switch 35 will be shNted to the input tem,inal 35B side at the timing of the head symbol 
of one frame and thus, the M-sequence code will be transmitted at the timing of the frame head 
SoSO] When a transmission request is sent from the wireless communication unit 14AJ4B of con^rriumca ,on te - 
EdevVce 11 A 11 B. This transmission request is received by the antenna 26 and OFDM demodulated by me fast 

; Surie^ transform circuit 42 and then DQPSK demodulated by the DQPSK demodulation circuit 44 and supplied to the 
™Sbn^ntroller 30. And the demodulated rece«,e data showing the transmtesion request will be transmitted 

from the communication controller 30 to the controller 45. , „ 

SlT rcon.«,ller 45 is connected to the resource infomiation storage unrt 25. in this re^^ 

unit 25 the resource information on the allocation time of each communication terminal ^^^'^^ k ^^niT,^n 
0 mid oer one frame is stored. The controller 45 detem^ines the transmission allocation time of each commun«:at on 
rmiSaldare?^1Bbasedonthereceh,edtransmissionreque8tandcommunication 

or^ ion tr^^^^^ 

30 The communication controller 30 supplies this control infomnation as a transmission data SI 0 to the DQPSK mod 
!latton circuit 31 and thus, the modulation processing will be applied via the DQPSK modulation circuit 31 and the 
s inverse fast Fourier Iransfom, circuit 33 and transmitted to the wireless communication unit 14A, 14B of each commu- 
nication terminal device 11 A, 1 1 B from the antenna 26 as a transmission signal SI 9. 

(1-3) Wireless Communication Unit of Communication Terminal Device 

10 r00521 Then, in this chapter the wireless communication unrts 14A and 1 4B provided respectively <:ommuni- 
cSlemS^a devices 11 A and 1 1 B will be explained referring to Fig. 9. In this connectton, since basically the wire^ss 
clln^^Son units 14A and 14B have the same construction, only the wireless communcation unit 14A wiH be 
deSed ? The following. As shown in Fig. 9, in the wireless communication unrt 14A. the transrriission data S30 
ente^d via the communication controller 51 . The transmission data sent out from the ^ 
,5 ^^pid into the DQPSK modulation circurt 52. The DQPSK modulation circurt 52 applies the DQPSK modulation to 
the Ssmiss on data S30 and outputs the resulting transmission signal S31 to the serial-parallel conversion circ it 53^ 
0^531 The serial-parallel conversion circurt 53 converts the transmission signal S31 of serial data stream to the 
Sfsmission signal S32 of parallel data stream and outputs this to the inverse fast Fourier transfom, circurt 54. The 
nTe sJ fasTpoS transform circurt 5. applying the inverse Fourier transf omi processing to the transmission signa 
40 S3? r^aS the rr,smi3sion signal S32 to the data of frequency region and outputs the resultant transmission signa 
Ssto a parSe -serial conversion circurt 55. The parallel-serial conversion circurt 55 converts « transmission ignal 
Ss luppSed in parallel data stream to the serial data stream and supplies the resuttant transmission signal 834 to the 
frelency conversion circurt 56. The serial-parallel conversion circurt 53, the inverse fast Fourier transform circurt 54 
and^ iSrserial conversion circurt 55 convert the transmission signal S31 to mutti^rrier signal using the OFDM 
45 scheme iust as is the case with the wireless communication unit 16. - ^^c-, 

SmT Tn the frequency conversion circurt 56. a Local oscillation signal S35 is supplied from he PLL synthesizer 57, 
and the frequency conversion circurt 56. multiplying the transmission signa. 834 by the local oscillation signal S35 
forms a tl^rsln signal 836. frequency converted to the prescribed f 

50 SjSSl The power amplifier 58 amplifies the transmission signal 836 to the prescribed power a"'* s"PP"^^ 

S transn?ssion signal 837 to the input terminal 21 AA of the switch comprising the ""f^l A^ 

This swS 21 A shifts the connection to the antenna 20A when receiving data and when transmitting data. At the me 
IhenTrsm «ng data, the swrtch 21 A is shttted to the input temiinal 21 AA s«Je. while at the t»ne of data recept oa 
rt is shmedTo the terminal 21 AB side. Thus, the transmission signal 837 will be supplied to the antenna 20A via this 

55 Qwitrh 21 A and transmitted from this antenna 20A. ^ . - -.^i:^^ 

fSei on the hand, the receh^e signal 838 receKred by the antenna 20A when receiving the data is supphed 
Krece;ingamplifier59via the swrtch21Aand after being amplffied,rtis supplied toafr^^^^^^ 
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rnncT, In the fraouencv conversion circuit 60, a local oscillation signal S39 from the PLL synthesizer 57 is supplied 
Ke reruencTc^^er^rcircuit 60 torr.s a receive signal S40 of medium frequency ''V '""«.'P'yy9 ''^J 
Sin sig^^^^^^^ the receKre signal S38 and outputs this to the serial-parallel convers.on c.rcuit 61 and the 

°?hf se?S^ra^^^ circurt 61 converts the receK^e signal S40 to parallel signal and outputs the 

So=r=?he^^^^^^^ 

S43 Of serial^ta ^^-';74-^;^^^^^^ conversion circu. 64 conduct the 

oprr^mTScSjiig^Sr^e:;:^^^^^^^ 

fi.°coi Th« DQPSK demodulation circuit 65. app^ing the DQPSK demodulation processing to the receive signal 
istlUs me receS:^ and outputs t^JsTo the communication controller 51 . The communicafon controller 

?<;^r rrc— r S^X^^ - - -rolled ^y .e c— 

[0060] Here. '"J"^^'^ r^reotion will be conducted by the command from the controller 66 and based on this 

IIT fn tht wil'el^f l!^Tstlm 10, data will be transmuted by the TDMA scheme making one frame as a .jji, 
[0061] In this 77^^"^^^^^^ synchronization will be sent from the wireless communication unit 16 of the 
and the ^^'^^''^^^^ '^'^ 2Toir8y'^bol of the head of oiie frame. In order to realize such control, this 
communication '^^^^IJ^/ ''^^^^ detectbn circuit 62 and a timer 67. The M^equence 

rrto^rrsmml^.^ t^^ v^^^^^^ -^t 16 of the communication control terminal device 12 wHI 

code to.''^''^"^"!'^^^^^ rr.™^, ... ,he frame top and transmitted to the correlation detection circuit 62. 

^^c^eCn dLS" ^^^^^ d^t T the c^^^^^ be^en the code receh^ed and the preset code. And « tt 
H^H .h«rtt,r2Setetb^^ strong, a detection output S45 showing that the code having the correlation i.e. 

ihrSueiTcS'S^^^^^^^^^ 

,he communicatton controller --^^^^^^^^^^^^^ 52 and OFDM converted a. the 

fnrollonlo^n"^^^^^ 

This control in.— ^^^^^^^^^^^^ 

s:rcScSt::rr rrz^^^iTs^o.., c^.. .....^ ^^^u... . s.,,... 

?S""™sTnSfJr^i;^^^^^^^^ 

[0064] This control ^ ,| j ^j^h the detection output S45 was given from the 

SrwrthTSr^^^^ start Hme has come, the controller 66 outputs a transmiss^n 

7:::S,PsT^^^MsT^ OFDM conversion processing by the inverse fast Fourier trans- 

; o^ V«rlh^Ld bv the antenna 20A will be demodulated via the fast Fourier transform circuit 63. 

AccoKlingh^^he tim.^^^ ^^^^ 3,,,^^. and the M-sequence 

S ^ -h tram, and using this M.equence code, demodulation timing 



8 



EP 0 924 871 A2 



10 



IS 



will be set 

r00671 If the received clock has 6.8 [ppm] delay with respect to the OFDM wave received, the time difference of 27^2 
nsl is accumulated between 1 frame of 4 [ms]. This is equivalent to 36.864 [MHz] sampling rate. Accordingly, if the 
clock having accuracy of approximately 6.8 [ppml would be prepared, demodulation is possible without fail. 
r00681 In this connection, as the symbol for synchronization, in addition to the M-sequence codes, prepanng 2 kinds 
of M-sequence codes having the same frequency and adding these, the resultant code sequences, Gold code. Burker 
coda or block code can be used. 

(1 -4) Constructbn of Con-elation Detection Circuit 

[00691 Next. In this chapter the correlatton detection circuit 62 described above will be explained with re'erence to 
Flo 10 As shown in Fig 10. the correlation detection circuit 62 is roughly comprised of a limiter 70, a matched filter 
71 and a comparator 72. At first, the receive signal S40 sent dut from the frequency conversion circuit 60 is entered 
into the limiter 70 via the input temilnal IN. The limiter 70 is a circuit that restricts the amplitude of the receive signal 
S40 to the fixed level according to plus/minus of the signal amplitude of the receive signal S10. 
roOTOl If assuming that the function of amplitude of the receive signal S40 is r(t). the limiter 70 regulates the amplitude 
of the receive signal S40 to the fixed level so that the amplitude value becomes •+1- or M ■ corresponding to plus/ 
minus of the amplitude of the receive signal S40 and outputs the receive signal S50 whose amplitude is fixed to the 
prescribed level, as shown In the following equation: 



20 



2S 



30 



r 1, if r(t) > o 
^ ' \- 1, if r(t) ac 0 

100711 The matched filter 71 has nearly the same construction as that shown in Fig. 2, and this matched filter 71 . 
muKlp^Ing the code sequence of receive signal S50 to be entered and the code sequence to be detected by the 
corresponding coefficient respectively and by adding the multiplicatton results, obtains a correlation value signal S5 
and outputs this to the following comparator 72. The correlatton value calculating processing in this f^^tehed Mer 71 
can be expressed using the amplitude function of the receive signal S50 and code sequence to be detected P(t) as 
follows: 



35 



4S 



SO 



55 



cor(t) - r(t)P * (t - T)dT • • • (2) 



40 Where 



r(t) : Amplitude function of receive signal S50 

P(t) : Code sequence to be detected 

cor(t) : Correlation value signal S51 to be sent out 

[0072] The matched filter 71 outputs the correlation value cor(t) as shown in this equation (2) as the correlation value 

rC»731^^The comparator 72 compares the signal level of this correlation value signal S51 with the signal level of 
hreshold signal TH to be supplied from outside. And if the resultant shows that the signal level of correlation value 

that the code sequence to be detected (i.e.. M-sequence code) has been received to the timer 67 via the output terminal 

So741 In this connection, since the correlatton value signal S51 to be sent out from the matched filter 71 is expressed 
as shown in equation (2). this is proportional to the amplitude of receive signal to be entered. Accordingly. general, 
the sianal level of the output of this matched filter 71 becomes lower than the output of the conventional matched fil er 
Thus the signal level of the threshold signal TH to be entered into the comparator 72 is set to the prescnbed value 

lower than the conventional value. ^ ^ ^ , ♦k^ 

[0075] Here, in the case where the receive signal S40 is the M-sequence code, rt has correlation since the M-se- 
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ic fhB node seauence to be detected, and even if its amplitude is regulated to the fixed level by the limtter 
70 Z Ts the co^S i Sgnal S51 having large signal level will be transmitted from the matched filter 1^ 
. ; nL Te sianal level of the correlation value signal S51 is large, the deteclwn output S45 showing tha^ 

n^aS:^^^^^^^^ I^rsigna, S51 exceeds the thresho« signal TH and the M.e<,uence code is detected 

iliisiTnCJth'e^l^^ 

[0076 O" 7^^^^^ ^ signal S40 will be fixed to VI ' or '-1 ' and thus fixed signal received will 

code in quest on the a'yP'*"^^ ^/^^ anTe the siqnal which is not the M-sequence code has no correlation to the 
in tLtuTpr^ Shfd fi teTyMhe correlatbn value signal S51 having small level «ri.l be 
r nl f^L^ Jle Zch^ ti?e 71 Tven J coefficien s were muttiplied and the muttiplication results were added, 
nrgt rh"r72 th^ signal level of the correlation value signal S51 does no. exceed the signal lave, 

'::^:^t^^^T^^^nL signal levellf the correction value signal became large when the signal 
Sence to bTdLcted?s taken as P(t), as is clear from equation (2), can be expressed as follows: 



cor(t) - x(t)P * - xyOx 



(3) 



Where 



x(t) is input signal 

P(t) is code sequence to be detected 



r««,oi A. thi., noint if the inout siqnal x(t)' whose signal level is 1 0 times larger than this input signal x(t) is entered, ■ 
Krelatinr^^^^^^^^^^ 

cor(t) - jf* x(t>'P *(t -xyOx 

- 10x(t)P * (t - x)dc . • • (4) 

. lOj^' x(t)P * (t - T)*; 

if«80i As Shown above the signal level of the correlation value signal becomes ten times larger Accordingly, when 
\^\. ^on^ZfnT^o coaetetion with the code sequence to be detected by the matched filter enters, if that input 
It'SeZlSTg: t^^^^ value signal w«h large signal level will be sent out even « they have no cor- 

[SiT To obviate such problems in this correlation detection circuit 62, the signal level of the receive signal S40 to 



?SS "At'Srpoint Signal wavefom^s of each unit at the time when correlations are detected by '►^b co.elatbn 
[0082J Ai ims poini. biyiiai „At^iip Fin<! 11 A and 11 B show siqnal levels (shown by Input in Fig.) ot in- 

Signal contents of the r-e.e sig^^^ ^^J'^:' '|s o^^'u^^^^^^^^^^ -tched After of the conventional correlation 
Istheoutputof the matched filter 71^. and Fig^ 11^^^^ V conventional case, if the 
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code can be detected correctly. . « eo eh^w„ in cin io can be confiaured as shown in Fig. 1 2. Referring 

10083] The another correlation detection c.rcurt 62 shown in F.g^ Jn^^ece^ed sTgna, I supplied to a matched fitter 
lo Fig. 12 the receK,ed ^^^^^^^^^^^^^^^ tS^'and average amplitude 

182 and also to an average amplitude detection . . . . gy^put level Sa of matched 

allowing it to be correctly detected that the M ^^"^""^ ^^l^'^^f^^, 3„,, a correlation detection circuit. Fig. 
Kow^^XS :ftl^Xdr ^fT.^ =1nrprofra:::ge ampl.de detection circu. 

183, and Fig. ^3C ^^^f ^ communication term^als 11A, ^^B,... and the wireless 

[0088] Because Z^^\Bxe6 wrthin one frame, the intensity of r«ce^.ed signal within 

:=e":irry~^ 1 "1 output of matched filter 182 varies depending on the signal level 

of received signal. . j^toM«Hh\/thfi averaaearriDlitude detection circuit 1B3, 

Circuit 183. This is expressed by the following equation. 



TS 



J r(t)P * (1 - r)dt 



J 1 r(t) P dt 



(5) 




Where 



r(t) is the received signal. 
P(t) is the code sequence. 

[0092] Expressing the above equation (5) in the complex nun^ber. where 
r(t) = r^(t) + irim(t) 
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* : conjugate 



10 




(6) 



r„ + X, 



is obtained. 



IS 



above equation (5) into the following equation without the square root. 
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{/ r„(t)P * (t - rydt}' + {/ r,.(t)P * (t - ryAtf 



(7) 



[0094] In addition, if this process is to be 
obtained. 



preformed in the digital form of signals, the following equation will be 



(3) 



[0095, Theaboveequation(8)requiresaprocessfor,indingas^^^^^^^^ 

Sf^Tarrr: rJe reLed. so that a fast processing can be performed. 



(9) 



(1-5) Communications Protocol 

100961 Then next, the communications protocol o™™^^ 
Uraphs. First, the frame constn^c^^^^^^^ 

is shown in Fig. 14. As shown in Fig. 14, one frame is *'.'7f° ' communication will be conducted, 

data transmission thne. In the control data ^"J « J,^^^^^^^^ conducted. When the symbol 

while in the infomtation data transm.ss«n time, , 2 individual communication tem^inal 

forsynchronizatlon is transmitted from the communication '^^'^J^J^^ device 1 2 based on the receipt 

devi'ce 11A. 11 B sends the transmission request to the c^^^^^^^ ^^^^^ 

SrsSs^mSS^S^^^^^ 
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oul b,lwe», «.e <»™'"'^ 'S^n-i"" rfoclion «™ Th. dal. conmunkakins flween Ih. 

--»--:^:^r^rrrrrr::— ^^^^^ 

code is received. *«rr«miai HouirA 1 3 calls out the communication terminal 

„B replies s«,ding m -'-'>^"'^^™ "^S,^' A.L p4,. sup. 
S»l«SZ:a:S«naSmecom™n^lto,,.»«de*enBe^^ 

the time point V 11 a uoon receivina the control intormation including the tran^ 

[0102] The communication terminal device 11 A, upon ^^^^J^^" g j point t.. Similarly, the 

allocation time, starts data transmission to the °" ^^^'J^^^^^^^ „om the communi- 

.ommunicationte^^^^^^^^^^ 

cation terminal device 11 A is terminatea. sians ^"^^ • ^ , ^ * t^e communication terminal 

specifically, as shown in Fig. 16. the M-sequence code f '° ^^^.^.^f signals to the callouts 

U DM «l M l»™minea .ceort^g 10 ihe TDMa™»™ 

eenl=llhehe.c)olonetrameandinelraner.sert.eoeplK«tTO««^^^^^ J 
[0,051 Th. ,«,sml.eloo;™«ep.»o «me 0. '^''."""'"'^IS S^"*^^^^^^^ 

demo0«in9 ™,ul,ed =1™^'- *»f ™„ "^^'^ « Tel^^Mh. eame den,«,uB,lo„ 
muKple conmunicalloc lenninal devices ,1M1B, and da»«an oe oemoi, 

pfC:„S:rnil., e^" »as™»d.e,^eee«^^^ 

7^^^ pe, eacn buw Ac««inglv, btt « ,l>e .mme can be «,ecWeV e,«ed. 
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(1 -6) Operation and Effects 

the code sequence receivea wm ue muinKnc y sent out Thus bv comparing the signal 

relation °" f ^'[^'Son detection ci«:uit 62 according to the present invention, since the amplitude 
[0111] on the 2S . Txe '^eLter 70. the circuit would not cause overflow and the M- 

01 the receive signal S40 .8 t'xed to +1 or i oy m ^^^^ ,o ^vide the average amplitude calcu- 

simple construction. amniitiirifi nf the receive sianal S40 is regulated to the fixed 

,0112] j^-^ "^;°^:2;J^C^^^ Z correlation Lue signal S51 is 

level, and inputting that amplitude fixed receive signa oa ,u,reshold TH whether the code sequence to be 

a simple construction. 
(2) Other Embodiments 

rn.«i Th« nmhodiment described above has dealt with the case of detecting the correlation value signal S51 from 

muKiplier 82, a local oscillation signal S61, <n which the P™se <" me loc « ^ , oscillation signal 

a Phase sh«ter 83. .uadrature compo- 

S60, extracts in-phase component S, °' ^^l^^^^ S40 to be entered by the local oscillation signal S61 . 

nent Sq of the base-band signal by multiplying the ^'^^'^^ ^'^^^^ unnecessary components are 

[0114] These in-phase component S, and quadrature ~"'P°"«"1 JlfJ^^^^ B5 and 86 

'eliminated, will be entered imo ^^^^ ^^^^ ^^^^^^^^^ of the in^hase 

rpTnVntra":^^^^^^^^^ 

mits these to the multipliers 88 and 89 respective^. 
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[0,161 A""*^ « -^J^" «. a«««l per «»np<.™n, « 



equation: 



cor(t) -I 2 * (i - J) l'+ 1 2 =f<-(*5P Mi - j) I' 

... (10) 

adding up these, in-phase components and quadraturo <''^^J'2~Z,-,„ ,ha case of obtaining the absolute value 



cor(k) -I ^ r,«,(l)P Ml - j) 1 + I ? ^'•'(iJP * ' i> ' 



...(11) 



MS b« .ISO a. i Fi, -9, maWn, « l.nglh o, M- 

various places in the 'ra^e^ information may be placed on the phase difference between subcarriers. 

[01 22] Furthemiore, asshown in F.g^ 20 'f'T^ZurJiency is changed. If the sampling timing delays when 
More specffical^, in the ^^^K m^ula^on^*^^^^^ 9^^^ .^^ ,^^^,3^ 

receiving the signal, the phase <>< QPSK vrave ot ^ac" s ^^^^^ ^^^^^^.^^ 

time When OFDM ^'-^^^^^.^^^^^^^^^^ to torm the reference phase may be applied. An 

phase signal to ^^^^ "'^^^^^^^ between subcarriers relative to the first earner, 

example shown ,n Fig. 20. '^^J^^^^^^^ small and little error exists. Since in the example shown by 

Thus, even if the phase 'JJ^j;^^^^^^ phase, the other carrier may be assigned as 

Fig 20 the first earner is assigned as the carrier xo give uio ■ ^ 
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91 OAM 1 2B-QAM and 256-QAM can be used. Moreover, Trellis-coded modulation can be also used as the coding^ 
21 -QAM, 1 2B-aAM ana ^^errihArf above has dealt with the case of providing the M-sequence generation 

[0124] Moreover, the em^^^^^^ control teLinal device 12 and the correlation 

circurt 36 .n the ^^J^^f^^ ~~ and 1 4B of the communication temiinal devices 11 A and 

defecJ^ cSare provided in one temiinal device and it may be constructed so that the M-sequence genemtion 
S"d Ihelrliation detection circurt can be shifted and used depending upon whether these would be used as 

[0125] f f to "^^^ ^3,^,^ ,f,3 a<^idental output of the correlation 

^o^C^'whiirihereT^^^^^^^ described in connection with the preferred embodiments of the invention, it will be 
^ K ' .n mil sSled in the art that various changes and modifications may be aimed, therefore, to cover in the 
Tpended cSs S ^uci ch^ges and modifications as fall wKhin the true spirit and scope of the invention. 

Claims 

1 . A correlation detectbn device for detecting code sequence to be detected from an input signal using correlation. 

comprising: 

limfter means for regulating the amplrtude of sakl input signal to the prescribed constant value according to 
S«mfaSSingacorre..^^ 

sianal suDolied from said limiter means and said code sequence to be detected; and 
Xrison means for judging whether said input signal is the code sequence to be detected or not by com- 
paring the signal level of said correlation value signal with the prescribed threshold. 

2. The correlation detection device according to claim 1, including: 

signal extracting means for extracting in-phase components and quadrature components from said input sig- 

the first limiter means for regulating the amplitude of said in-phase components to the prescribed constant 

'h?slond limiter means for regulating the amplrtude of said quadrature components to the prescribed con- 

!!Sh2"fLr means for detecting the correlation between output signal to be transmitted from sakJ first and 
";l«rrans aidS^ sequence to be detected per component and outputting the first and the 
second correlation value signals; 

the first multiplication means for squaring said first correlation value signal; 

rS'^^m" dglng whether said input signal is the code sequence Jo be de^d or not by com- 
paring the signal level of said third correlation value signal wrth the prescnbed threshold. 

3. The correlation detection device according to claim 1 . including: 

signal extracting means for extracting in-phase components and quadrature components from said input sig- 
me first limiter means for regubt^g the amplKude of said in-phase components to the prescribed constant 
'hts;cond limiter means for regulating the amplrtude of said quadrature components to the prescribed con- 
ShS mermeans for detecting the corretetbn between the output signal to be sent out from sa« first and 
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second limitar means and said code sequence to be delected per component and outputting the first and 

rdrr:ea"r^^^^^^^ 

Z^^ZZZ iTdging whether said input signa. is the code sequence to be detected or not by com- 
SXthe si'an^^^^ i« said'third correction value signal with the prescnbed threshold, 
A method ,or correction detection .or detecting the code sequence to be detected from an input signal using 

correlation, wherein: 

,he ampmude o. said input signal is reguCted to the prescribed constant value acco«llng to plusAninus o. said 
ircoSon value between the input signal, o, which the amplitude is fixed to the prescribed value and the 

- - - - ^^^^ ^-^^^^'-^ 

of said correlation value with the prescribed threshold. 
The method for correlation detection according to , 3, a,, and correlation val- 

pared, 
and connbined. 

each correlation value is obtained and combined. 

terminal device comprising: 

correlation detecting means, including: 
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The communication temiinal device according to claim 8, wherein: 
said correlation detecting means, including: 

Signal extracting means for extracting in^hase components and quadrature components from said input sig- 
Sfirst limiter means for reguCt.g the amplitude of said in-phase components to the prescribed constant 

value; 
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the second limiter means tor regulating the amplitude of said quadrature components to the prescribed con- 

iShedtlier means for detecting the correlation between output signal to be transmitted from sad first and 
?col;«rrrs^^^ the cod'e sequence to be detected per component and outputting the first and the 
second correlation value signals; 

the first multiplication means for squaring said first correlation value signal; 

the second multiplication means for squaring said second correlation value signal; ^ ^ ^ . 
SnTmea^s fofrtputting the third correlation value signal by adding output signals of sad first and second 

r ™;Sging whether said input signal is the «^e sequence . be detected or not by com- 
paring the signal level of said third correlation value signal with the prescnbed threshold. 

10. The communication terminal device according to claim S, wrtierein: 
correlation detecting means, including: 

Signal extracting means for extracting in-phase components and quadrature components from said input sig- 

"he first limiter means for regulating the amplitude of said in-phase components to the prescribed constant 

Tslond limiter means for regulating the ampWude of said quadrature components to the prescribed con- 

^^^l^^l^nL, means for detecting the correlation between the output signal to be sent out from said first and 
second' Ir m'^J^^^^^^^^^ sequence to be detected per component and outpuning the first and 

7^T.Tr:2:t ca^ulating the absolute value of said first correction value sigr,al; 
Te sLcoTd absolute value means for calculating the absolute value of said second correla^n value signal, 
adding meaSS?^^^^^^ the third correlation value signal by adding output signals of said first and second 

rprrm^Tn^s^o^^gingwhe^ 

paring the signal level of said third correlation value signal with the prescnbed threshold. 
11. A radio communication system comprising: 

a Plurality of radio communication terminals for data communication; and 

a radio communication control terminal for controlling radio communication; wherein 

said radio communication control terminal including: 

transmission means and receiving means performing data transmission and receiving by the OFDM meth- 

2;ch"r^.nization<ode generating means for generating a code sequence for synchronization acquisition; 
and each of said plurality of radio communication terminals including, 
^nsmlsiionmeans and receiving meansperfomihgdatatr^ 

S^chronization^ode detecting means for detecting the code sequence for synchronization acquisition; 
and 

timftr means set bv the svnchronization-code delecting means; wherein. 

S i^m^uSeX m^^^^^ method and the data is muHiplexed by the TDMA method wrth a frame 
JidurThaving the specified number of symbols, between each of said plurality of radio communication 
tprminals and said radio connmunication control ternninal; 

saw radfoTlmunication control temiinal transmits the code for synchronization acqu.srtion to said plu- 
raiitu of radio communication terminals in each frame; and ^ 
eaS o Si (Jural^of radio communication temiinals rece«,es the code for synchronization acquisrt.on 
sis t?e S meJ^s according to the receMng timing of the code for synchronization 
sets me Iransmisslon timing and the receiving timing with the timer means being used as the reference. 

12 The radio communication system according to claim 11 , wherein 

12. The raa^^^ ^^^^^^ synchronization acquisition corresponds to one symbol in the OFDM method. 
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1 



1 5 The radio communication system according claim 1 1 . wherein 

ttie code sequence for synchronization acqu,sit«n .s the Gold code. 

. 1 6. The radio communication system according to 

each sub-carrier in the OFDM method is used in the DQPSK method. 

17 The radio communication system according to cla'^ ll • w^^^'" 

each sub-carrier in the OFDM method is used ,n the QAM method. 

15 . 

18. A transmission device comprising: 

s» bv the OFDM rneWod and «» CBM is miiBlplo«»d tiy lh« TDMA method 

r o, eymh*. ,h. code ,« e„Kh»,^.»=h ao,„.»,o„ 

are transmitted. 

" ^"'r^:rsre^rnS::'t,ts:oo,,.sp.odsto»^ 
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21 Thetransmission device accordingtoclaim 18, wherein „„,„^„ 
Te code sequence for synchronization acquisition ,s the M-sequence code. 

22 The transmission device according to claim 18, wherein 
the code sequence for synchronizatbn acquisrton is the Gold code. 

23. The transmission device according to claim 18, wherein 
each sub-carrier in the OFDM method is used in the DQPSK method. 

24. The transmission device according to claim 18, wherein 
each sub-carrier in the OFDM method is used in the QAM method. 

25. The receiving device comprising: 

45 an OFDM Signal receiving section; and ,„ c„™,finea lor svnchronlzation acquisition; wherein 

srrr;r.srs:r.=r='j«See.„oo*',tothe^e. 

27 The receiving device according to claim 25. wherein 

me c!!?e sequence for synch «>nization acquisition is a variable-length packet. 

ss OR The raceivino device according to Claim 25, Wherein 

28. The s^nchron^ation acquisrtion Is the M-sequence code. 

29. The receiving device according to claim 25, wherein 
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the code sequence for synchronization acquisition is the Gold code. 

30 The receiving device according to claim 25, wherein 

each sub^arrier in the OFDM method is used in the QAM method. 

^ 31 The receiving device according to Claim 25. Wherein 

each subK^arrier in the OFDM method is used in the QAM method. 

32. The transmission method comprising the steps o1: 

qeneratihg an OFDM signal; and ,„u«,^in 

j5 are transmitted. 

•>K The transmission method according to claim 32, wherein 

' ™e sequence for synchron«ation acquisitK,n is the M-sequence code. 

36. The transmission method according to Claim 32. Wherein 

the code sequence lor synchronization acquisition is the Gold code. 

37. The transmission method according to claim 32. wherein 

30 ■ each sub-carrier in the OFDM method is used in the DQPSK method. 

38 The transmission method according to claim 32, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 

3S 39. A receiving method comprising the steps of: 

receivina an OFDM signal; and . .. ^ „ 

40 



50 



SS 



43. The receiving method according to claim 39, wherein 

the code sequence for synchronization acquisition is the Gold code. 

44 The receiving method according to claim 39, wherein . 
each subK:arrier in the OFDM method Is used in the DQPSK method. 

45. The receiving method according to claim 39. wherein ^ 

each sub-carrier in the OFDM method is used in the QAM method. 
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«. A correlation detection dev.e tor detecting a correction between a predeterm.ed code and a code o. a receded 

signal, comprising: 

part of said received signal expressed in the complex number 
47. A communication dev.e ,or receding a receded signal containing a synchronizing signal and demoduCtes said 

received signal, comprising: 

TsiTh^zTg Zl^ rectVSs tor detecting a synchron.ing signal contained in said receded signal 

lZ^^ZZ'<^eSrt.o,.^m and outputting a desired portion of said received signal based on a 
detecting timing of said synchronizing signal; wherein 
said synchronizing signal detecting means comprising: 

^^^S'J^^'^^:^^^^ the output Of said detecting means normal.ing by said normalizing 
mis a threshold value to thereby o^^P^'^ ^"^^^^^^^^^^ detecting means 

part of said received signal expressed in the complex number. 
' on a detecting timing of said synchronizing signal, comprising. 

said synchronizing signal detecting means comprising: 

a Zshold value to thereby o^put a — ^J^^^^^^^^^^^^ aetecting means 

?rsrr.r:«— ^ 

part of said received signal expressed in the complex number 
49.Amethod,orcorreCtiondetectionfordetectingacorreCtionbetweenapredetem,lnedcodeandarece.edcode. 

comprising: 
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value to thereby output a correlation detecting ^^Q^ i^.^^^ detecting step finds the 

said rseewed siansi •<p™s"0 i» »" "W" 

received signal, comprising: 

rsSr:r;sS ^ -irStS a synchronizing signal obtained in said received signal 

detecting timing of said synchronizing signal; wherein 
said synchronizing signal detecting step having; 

a detecting step .or detecting a Pre^^^^r^^^ iC^pife ^ rece-d signal; 

::oCnTsCo^^^^^ an output o, said detecting step nom,a.ized by said normalizing step with 
a threshold value to output a ^^J^S^^^^^^ ampmude detecting step finds 

™e^a^Si:=r: ^rra:: and a^n absolute value of an imagina. 

part oflfd received signal expressed in the complex number 
S1 A communicat^n method for receiving a receded signal containing a synchronizing signal and transmuting data 
■ based on a detecting timing of said received signal, composing. 

TS^^ tS a synchronizing signal obtained In said received signal 

Lirrj'Ig stfp S — ng data based on a detecting timing of said synchron.ing signal; wherein 
said synchronizing signal detecting step having: 

a detecting step for detecting a P-'^f -'"^f^^^ 'ZS^Z!'^^ of saW received signal; 
=^CSrSint^~^^^^^^^^ -d on an output of sa. average 

TcSrplTsC-oS^^^^ an output of said detecting step normalized by said normalizing step «.th 
a threshold value to output a correlation 'l^^f '^""S^'S"^'' ^!;^"^^eraae ampmude detecting step finds 

pLrtTsafd received signal expressed b the complex number 

. ■ ,r.r H«f«riino code sequence to be detected from an input signal using correlation. 
52. A correlation detection device for detecting code sequence 

comprising: 

ZS^ r«- ™=n. I. a. c«...««n »,,» " 

^X^::^T.C^ »^ ™»« ».« ™— . «^ va.. » «,.P« a 

matched filter means. 
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FIG. 3A (RELATED ART) 




FIG. 3B (RELATED ART) 
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